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Figure 1. Measured FM radio broadcast field intensity
spectrum in Portland, Oregon

CEDs yielding a mean population per CED of 990 persons. From
these field studies, approximately 11,000 individual signal field
intensities were determined from a total of 373 measurement
sites. Figure 1 illustrates the type of field intensity data
collected; in this case the spectral data show one of the measure
ments of the FM broadcast band obtained in Portland. Here each
spectral peak observed is a single PM radio station signal. In
this particular case the measurement site was very near to a
multiple broadcast transmission center and the measured power
density was 14 ~W/cm2. Table 2 summarizes the relevant informa
tion pertaining to each city investigated.



TABLE 2. SUMMARY OF INFORMATION RELEVANT TO ENVIRONMENTAL RF AND MW FIELD STUDIES

Number of Stations
, of Field Low High I of

City 'Cf;DS Population Strength Values FM VHF VHF UHF Total Sites

Boston 2003 1953665 252 14 3 1 3 21 9
Atlanta 1249 1221431 396 11 2 2 3 18 16
Miami 1897 1661012 448 13 3 2 2 20 16
Philadelphia 3606 3407059 941 17 2 2 3 24 31
New York 11470 12269374 1426 23 3 4 3 33 36
Chicago 4646 4743905 1378 20 2 3 3 28 39
Washington 2291 2516917 1107 17 2 2 3 24 37
Las Vegas 356 264501 632 6 2 3 0 11 42
San Diego 1113 1071887 956 17 1 2 2 22 38
Portland 1194 818040 816 12 3 3 0 17 38
Houston 1127 1265933 810 14 1 3 2 20 33
Los Angeles 7596 6951121 1801 29 3 4 7 43 38

TOTAL 38548 38144845 10963 193 26 31 31 281 373



MODELING METHOD

Athey et al., (1978) described a method whereby the actual

measurement data were used to modify a presumptive propagation
model for calculation at all CEO sites throughout a city. Athey's

report made use of a propagation model form which was obtained by

analyzing measured field intensity data obtained in Miami which
suggested a classically recognized decrease in electric field
intensity with increases in distance between FM broadcast stations

and measurement sites. This form for the model was then applied

to data obtained in all VHF and UHF broadcast bands to determine

exposure. In the present case, we have developed an enhanced

method for predicting exposure at the various CEOs by ta~ing into
consideration the fact that each city and individual stations

possess their own distinctive propagation characteristics.

The method we have used includes the following features. For

each station under consideration, the field intensity obtained

for the station at each measurement site is used to obtain a

linear, least squares fit of the data. This provides a functional

form describing the way by which the electric field strength
varies as a function of distance from the station. Since this

model is generated from actual measurement data for each station,
note that no specification of transmitter power or antenna height
is necessary. If, by chance, because of poor data, i.e., high
variability in measured values of field strength, the resulting
computed slope of the least squares fit is positive, the slope is

changed arbitrarily to be equal to zero. This in general is not

a common problem, occurring in only 12 instances for the entire·

set of measurements reported. Next, the straight line model is
used to calculate the field intensity which would be expected at
each CEO within the cities' bounds. From extensive tests we

9



determined that maximum accuracy was usually obtained in the

modeling procedure by using the predetermined slope of the line

model but shifting this line model vertically to form a least

squares fit with the measurement data obtained in the neighbor

hood of the calculational point (a CEO location). We observed

that this shifting process was effective in reducing the uncer
tainty whenever the particular station was closer than 5 km to
the CEO. Thus we incorporated this feature of appropriately

shifting the line model to best fit the measurement data obtained

at the two nearest measurement sites. Tests revealed a non
significant reduction in uncertainty by shifting the model to
best fit more than the two nearest sites. The effect of this
process is to lend weight to the local measurement data in
improving estimates primarily of high intensity exposures. It

was found that the shifting technique produced little, if any,

apparent improvement in other than the higher exposure levels.
If it occured in the calculational process that a CEO was identi

fied as being closer than 100 meters from a nearby stat~on, then

the actual distance was arbitrarily changed to correspond to
100 m. This was accomplished to protect against the erroneous

computation of very high exposure levels when the CEO - station

distance was very short.

An important feature in the development of our work was the
construction of a test program which could be used to estimate

the uncertainty associated with the modeling method. In lieu of
performing additional measurements to examine the accuracy of the
method, we elected to make use of the metropolitan area measure
ments themselves in a special way. The process consists of
starting at one specific measurement site where data has been
obtained and then creating the least squares line model for each
station based on the measurements obtained at all other measure
ment sites, but not including the site under test. The exact
calculational process described above is then used, always
rejecting any data obtained at the test site, to arrive at the

10



estimated field strength for each station. Then, a direct
comparison is made between the predicted field and the field
strength actually measured at the site. This is accomplished for
each station involved and in addition to individual signal field
strength differences, a comparison is made between the predicted
total power density of exposure and that actually measured and
being the result of exposure from all signals present at the
site. The process is then repeated at each other measurement
site to obtain an indication of the goodness of the modeling
procedure. Once the process has been completed for all measure
ment sites in a city, the results are assessed statistically by
determining the mean deviation between actual and predicted field
strengths and the mean deviation between actual and predicted
total power densities of all signals. These results are then
used as an indicator of the quality of the more comprehensive
calculations performed at all CEDs within a city. Undoubtedly,
the variances of the deviations apparent in this process are
partly due to the immediate location variability discussed
previously. Longely (1976) has discussed this subject in detail.

Repeated application of the test program, using different
criteria for shifting, provided the insight by which the final
modeling criteria were determined. Extensive computer time was
spent before arriving at the optimum criteria.

11



POPULATION EXPOSURE RESULTS

The aforementioned modeling method was applied to the

measurement data obtained in each of the 12 cities. Exposure

levels were computed at each CEO location and the resulting

exposure was assumed to apply to all of the population associated

with each CEO. After calculation of the exposures the number of

persons associated with various ranges of intensities were

determined; in particular, approximately one-third decadic power

density ranges were used to classify exposure, i.e., 0.001,

0.002, O.OOS, 0.010, 0.020, O.OSO, 0.100 ~w/cm2, etc. The final

results of the analysis are presented in terms of the accumulative

fraction of the population which are potentially exposed equal to

or less than these different one-third decadic power density

intervals. Results for each of the cities under study ar~ presented

in Figures 2-13 wherein the exposure level is plotted logarith

mically and the population fraction follows a near normal distri

bution. Figure 14 provides the results for all cities taken

together.

Each figure provides the population exposure determined for

each band separately and for all measured bands together. The

results suggest that the exposure levels are approximately

normally distributed and reveal the interesting finding that of

the exposure contributed by the various VHF and UHF broadcast

bands, the FM radio broadcast band is clearly discernable as

being most responsible for overall exposure, particularly at the

highest exposure levels. This finding supports the earlier

?roposition offered by Tell and Janes (19751 implicating FM radio

.J2.roadcast transmissions as generally dominant in creating the

highest ground levels of RF fields. Despite the lower effective

radiated powers authorized for FM broadcasting compared to other

VHF and UHF television emission~ a combination of relatively low

12



tower heights and broad vertical antenna radiation patterns for

FM transmission conspire to produce these relatively high fields.

It is also in~eres~ing to note the relatively low contribution

provided by the UHF TV band in as much that UHF television

stations in the US carry the maximum power authorizations.

In our experience we have found it informative ~o discuss

these results using two different indices. The first is the
median exposure level, i.e., that power density at which 50

percent of the population are exposed less than and 50 percent
,re exposed greater than. The second is the measure of the

v/fraction of the population potentially exposed above 1 ~W/cm2.

The data for total band exposure presented in Figures 2-14 have
been summarized from the point of view of these two indices in

Table 3. The most significant results are for the accumulative

population of all the cities in which a median exposure of

0.005 ~W/cm1 was determined while something less .than 1 percent
of the population are apparently exposed at intensities greater
than 1 ~W/cm2. It is worthy to reemphasize that these data apply

only to the domestic broadcast service in the US and cannot

account for popUlation mobility. Though the population data base

itself is dated, we feel that the results are probably representa
tive for the actual present distribution of population.

The results of the test program designed to estimate the
uncertainty associated with exposure calculations are presented
in summary form for the 12 cities in Table 4. The tabulated data
refer to the average of all individual field strength deviations
and power density deviations at all measurement sites within each
city. The observed high deviation in power density calculations
in Boston undoubtedly reflects the few measurement sites used in
that study.

13



In order to assess the uncertainty in our overall estimates
of population exposure for all cities studied to date, Figure 15
was prepared which provides the frequency of occurrence of
deviations between measured and calculated values of exposure at
all 373 sites visited. Figure 15 shows that the distribution of
these uncertainties is approximately chi-squared in nature
suggesting that the population of power densities from which
these determinations were obtained is normally distributed, this
being in consort with the general appearance of Figure 14. The
most significant point of Figure 15 is that the most likely
uncertainty appears to be"about 3dB while 70 percent of all our
exposure calculations are within 8dB.

14
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TABLE 4. SUMMARY OF EXPOSURE TEST PROGRAM RESULTS

POPULATION EXPOSURE RESULTS

16.8
4.4
7.6
6.9
6.2
7.6
5.5
5.2

10.5
5.2
5~6

6.6

Mean Power Density
Error (dB)

,§CITIES

Percent of Population
Exposed Sl MW/cm2

98.50
99.20
98.20
99.87
99.60
99.60
97.20
99.10
99.85
99.70
99.99
99.90

99.99

11. 9
5.8
6.5
7.3
7.2
6.9
6.1
7.2
8.4
9.7
7.3
5.8

Mean Field
Error (dB)
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9
16
16
31
36
39
37
42
38
38
33
38

No.
Sites

Median Exposure (~W/cm2)

0.018
0.016
0.0070
0.0070
0.0022
0.0020
0.009
0.012
0.010
0.020
0.011
0.0048

0.0053

City

Boston
Atlanta
Miami
Philadelphia
New York
Chicago
Washington
Las Vegas
San Diego
Portland
Houston
Los Angeles

TABLE 3.

Boston
Atlanta
Miami
Philadelphia
New York
Chicago
washington
Las Vegas
San Diego
Portland
Houston
Los Angeles

All cities



DIRECT ESTIMATION METHOD

Our choice of the population weighted random method for

selection of CEOs as measurement sites was prompted by a desire
to establish a consistent approach from city to city. In the

beginning phases of the metropolitan area studies, measurement

sites were not chosen on this basis but were decided upon by
common sense and the apparent distribution of population as
infered from city maps. An interesting observation from applica

tion of the computer selection method, however, is that if

measurement~ are conducted at locations which are truly random in

the population space, then a simple inspection of the measurement
data according to sites should provide a direct assessment of
population exposure in the general area. To illustrate this
process, measurement sites corresponding to CEOs (most ~o) are
sorted according to increasing power density and the accumulative
fraction of sites are plotted against the logarithm of power
densities on probability paper. Figure 16 provides an example of

this method applied to data obtained in Los Angeles. From the
data, which is seen to be almost perfectly log-normally distributed,

one obtains a median exposure value of about 0.006 ~W/cm2 which
compares favorably with the most comprehensive method which
necessitates many calculations at all CEOs in the area. Note
that this method, after the initial site selection is completed,

requires no further information on population. We have observed
a generally good agreement between the two approaches in deter
mining population exposure, particularily near the median exposure
values, and often utilize the direct method, in favor of its
simplicity, to obtain preliminary estimates of results.
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Figure 16. Site exposure and population exposure
in Los Angeles
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CONCLUSIONS

Results of the methods outlined here suggests that, of the

population group studied, representing 18 percent of the total US
population, a median exposure value of about 0.005 ~W/cm2 time
averaged power density exists and perhaps, more interestingly,
less than 1 percent of the population are potentially exposed at

~

levels above 1 uW/cm2. It is observed that the FM radio broadcast

s~rvice is responsible for most of the continuous illumination of
the general population. Indeed, that fraction of the population

exposed beyond 1 ~W/cm2 needs more careful definition and the
absolute maximum intensities observed demand precise determina

tion, but it is interesting to note from our results that, even

at this time, at least 99 percent of the population studied are

not exposed to levels above the suggested level of safety estab

lished in the USSR of 1 ~W/cm2 (Gordon, 1974). Additional data

obtained by the USEPA, in special areas wherein mainbeam illumina
tion of tall buildings occur nearby various high power broadcast
installations, has shown that it is difficult to find areas where

intensities exceed 100 ~W/cm2 (Tell, 1978).

These data must be viewed from the standpoint of long term

exposure and certainly, it is true that, ~n occasio~, localized
exposures may greatly exceed 1 uW/cm2. The authors recognize the
case of limited time exposure of some individuals to microwave

~ven leakage, eortable or mobile communication equipments, and
various other sources of RF· and MW exposure including pulsed
sources, however, we feel that at this time, there do not exist
adequate quantitative techniques for evaluating these more

extreme exposure regimes in terms of their impact on our popula
tion exposure estimates provided in this report. It is our
observation that these higher intensity situations must be
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addressed on the basis of the length of time spent in the field
and will require an accentuated emphasis upon field measurements
conducted from the viewpoint of determining absolute maximum

exposure values that may be encountered such as inside bUilding
measurements.
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FUTURE WORK

The evidence provided by the rather extensive environmental
measurements program conducted by the USEPA within the US seems
to overwhelmingly support the contention that most of the general
population is not chronically exposed to high intensity
(i.e., >100 ~W/cm2) RF and MW radiation. Accordingly, future
field measurement efforts will include to a greater extent
examination of those unique kinds of exposure circumstances
wherein relatively high intensity exposures are possible or
expected. A more detailed investigation of environmental levels
of pulsed RF and MW fields is currently being developed. Addition
ally, we are examining our data from the viewpoint of developing
deterministic propagation models, provided transmitter effective
radiated power and antenna height, for different classes of
transmitting stations. Our particular interest is in being able
to more accurately model close-in exposure conditions, and in
this connection we will be comparing our data and- resulting
propagation models with other existing models (Kalagian, 1976).
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CHRISTOPHER H. DODGE

(A Review of the Soviet and Eute~ European Literature)·

It is the purpose of this paper to review Soviet
and Eastern European studies of the effects of radio
frequency fields on the human organism. An attempt
win be made to summarize the more noteworthy
findings of some of the literally hundreds of published
works devoted to this subject and to underscore the
need for a more critical and systematic treatment of
this subject. This review will concentrate nearly ex
clusively on human clinical studies and occupational
hygiene surveys and win not consider the more
theoretical or experimental aspects of the biological
effects of microwaves.

BACKGROUND .

As early as 1933, certain Soviet scientists had ai-

j ready recognized that electromagnetic fields affected
the human nervous system. In 1937, Turlygin (10)
published one of the first comprehensive Soviet ac-
counts of the effects of centimeter waves on the hu
man central nervous system. He found that eNS
excitability was increased by 100% of the control
level when a crude spark oscillator in the vicinity of;
the head of a subject was switched on. In a lengthy
review article, Livshits (11) cited no fewer than 28
Soviet publications on the general subject of clinical
and biological microwave effects which had been
published by the end of the 1930's.' .

During the 1940's and early 1950's, there was an _
understandable lull in research on this subject due to
World War II. By the middle and late 1950's, there :
appeared a veritable deluge of Soviet literature deal
ing, in the main, with the clinical and hygienic a5-. ;
pects of microwave exposure which has continued:
unabated to this day. ~y the early 196O',s, th~ l
Eastern European countries of Czechoslovaloa an
Poland had also become extremely active in the
area of microwave exposure effects. In a cursorY

INTRODUCTION

CUNICAL AND HYGIENIC ASPECTS OF EXPOSURE TO
ELECTROMAGNETIC FIELDS

It h2S long been apparent that electromagnetic
fields impose a health hazard, especiany at field
intensities greater than approximately 15 mWfcm',
which cause thermal (heating) responses in the or
ganism. Only quite recently it is suspected, from the
Soviet and East European literature, that these
fields might also elicit certain functional or so
called "specific" responses, especially in the nen.·ous
system, at field intensities less than 1C~..15 mW/cm',.
which do not cause heating.

Prior to 1964, no comprehensive effort had been
attempted in this country to review the world
(especially the Soviet and East European) literature
on the general biological effects of microwaves.
Soviet literature was in most cases scattered, quite
difficult to locate, and consequently had never come
to the attention of the U.S. scientific community.
When in 1964, one of the first reviews on this sub
ject was attempted by the writer, then affiliated
with the Library of Congress, it was speculated by
some authorities on the subject that an extremely
low yield of literature would result from the attempt.
It was therefore quite surprising that a search of the
Soviet and Eastern European literature on the bio
logical effects of microwaves revealed a large and
virtually unexploited body of information which
had never come to the attention of the U.S. sci
entific community. The first review (1) contained
132 references to Soviet and East European work on
this subject. Subsequent reviews by the author (24)
and a number of others (5-9) revealed that some of
the most active research in the world was being con
ducted in the Soviet Union and some of the Eastern
European countries.

I The views expressed by the author do not necessarily represent
thOle of the U.S. Navy.
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